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urease levels in arginine-grown cells supports this contention.
In basal medium, soybean cells grow slowly with urea nitrogen source presumably because the trace amounts of Ni2+ present ( 10-6 mM) are growth-limiting.
In a previous communication (11) , I reported that citrate blocks the utilization of urea but not ammonia by cultured soybean cells. Citrate does not block urea uptake significantly nor does it inhibit urease activity. However, when citrate is in the growth medium, there is no detectable synthesis of urease. Since citrate can chelate Ni2+ (7) , and since Ni2+ has been reported to be a component of jack bean urease (3), divalent Ni+ was added to the growth medium to determine whether it would overcome urea-dependent citrate toxicity. I show here that 10-2 mm NiSO4 indeed releases growth inhibition by 10 mm potassium citrate when urea is sole nitrogen source. Further, urease production is higher in the presence of combined 10 mm potassium citrate and 10-2 mm NiSO4 than in basal medium containing neither citrate nor added nickel.
MATERIALS AND METHODS
Growth Media and Culture Conditions. Callus and suspension cultures were induced from shoot tips of etiolated soybean seedling (Glycine max L., var. Kanrich, Burpee Seed Co., Warminster, Pa.) as previously described (11) .
Cultures were induced and maintained on Murashige and Skoog salts (9) supplemented with 1 mg/l thiamineeHCI, 0.5 mg/l pyridoxine HCI, 0.5 mg/l nicotinic acid, 100 mg/l myoinositol, 30 g/l sucrose, 5 mg/l IAA, 0.5 mg/l 2,4-D, 0.3 mg/l 2-IP,' and 8 g/l Difco agar (8) . Agar was omitted from shake culture medium. The pH was adjusted to 6 before autoclaving; sucrose was autoclaved separately. To alter the nitrogen source, KNO3 and NH4NO3 were replaced by filter-sterilized additions of urea or arginine to autoclaved medium cooled to 45 C or below. A 1 M potassium citrate stock solution was prepared by adjusting citric acid to pH 6 with KOH and filter-sterilizing. All media where arginine and urea were the nitrogen source were supplemented with 1 mm KCI. Cultures were grown at 25 C in the dark. Callus was maintained by transferring every 3 weeks; shake cultures were transferred every 7 to 10 days by filtering through one layer of cheesecloth and pipetting 10 ml of the filtrate to 65 ml of fresh medium.
For growth studies, soybean suspension cultures were shaken in 50 ml of medium in 300-ml Erlenmeyer flasks fitted with side arms (Bellco Glassware, Vineland, N. J.). Periodically, the cells were allowed to settle in the side arm and after 0.5 hr the volume of the settled cells was determined. To determine growth on solid medium, callus was weighed aseptically at 2-week intervals and transferred to fresh medium.
Preparation of Extracts. Three or four g of cells from suspension culture were collected on Miracloth circles (Chicopee Mills, New York) by suction and washed copiously with deionized H20. They were ground in about 3 ml of extraction buffer (0.1 M tris-maleate, 1 mm EDTA, 1 mm /3-mercaptoethanol, [pH 71 in a mortar containing a small amount of acid-washed sand. The slurry was transferred to 15-ml Corex tubes along with one or two washings of the mortar with fresh buffer. Extracts were sonicated 1.5 to 2 min and spun at 20,000g for 15 min. The supernatant fraction was dialyzed for 3 hr with hourly buffer changes. Starting with the grinding step, all manipulations were performed at 0 to 5 C.
Enzyme Assay. Arginase was determined by measuring arginine-dependent production of urea. The procedure is similar to that described by Kolloffel and van Dijke (6) . Enzyme extracts were activated by mixing 0.9 ml of extract with 0.1 ml of 20 mm MnCl2 and incubating at 30 C for 5 min. One ml of assay mix contained 180 umol L-arginine (adjusted to pH 9.7 with KOH), 2 ,umol MnCI2, and 0.2 to 0.4 mg extract protein. The reaction was started by adding 0.1 ml of activated enzyme extract to 0.9 ml of assay medium maintained at 30 C. At 15, 30 and 45 min, 1 ml of 2 N H2SO4 was added to stop the reaction. One-half-ml aliquots were removed for colorimetric urea determination (10, ' Abbreviation: 2-IP: N6-(A2-isopentenyl) adenine. 1 1), which was always performed with urea standards. It was not necessary to remove protein before urea was determined. Under these assay conditions, urea production is dependent on arginine and is linear with time to at least 90 min; Arginase activity is expressed as nmol urea released (or arginine consumed)/ min -mg protein extract. Urease was assayed as described previously (11) . Urease activity is expressed as nmol urea consumed/ min * mg protein. Protein was determined by the Biuret method as previously described (11) .
RESULTS AND DISCUSSION
Nickel Afleviation of Urea-dependent Citrate Poisoning. In the experiment of Table I , callus cultures which had been grown with 25 mm urea-N were transferred to urea-N medium supplemented with 10 mm potassium citrate. Callus was transferred at 2-week intervals. In agreement with previously reported results (11) , the division time of soybean callus using 25 mm urea as N source is about 15 days. Results summarized in Table I indicate that callus growth after 6 weeks with urea-N is seriously slowed in the presence of potassium citrate. Growth beyond the 6th to 8th week of subculture stops almost completely (11) . The addition of 10-2 mm NiSO4 not only overcomes citrate inhibition but stimulates urea-supported growth over that observed in basal medium (no added citrate or nickel). A 30-fold increase in 0.3 mM NiSO4 also overcomes citrate inhibition (results not shown); however, at 10 mm it is completely toxic ( The effect of citrate on urea-supported growth was studied in greater detail (Fig. 1) in soybean suspension cultures. At low levels (10-2 to 1 mM), citrate actually stimulates growth. A possible explanation is that at low citrate levels citrate-nickel complexes are more efficiently transported than free Ni2+, and that within the cell, citrate metabolism releases nickel. This explanation is supported by the observation (Fig. 2 ) that in the presence of 1 mm citrate, exceedingly low levels of added nickel are toxic. At higher citrate levels (3-10 mM), there is increasing inhibition of growth. Ten mm citrate has no effect on the utilization of the Murashige and Skoog (9) nitrogen source (first order growth constant of 19.8 x 10-3 hr-' in the presence and absence of citrate). Figure 1 also shows that the addition of 20 mm (Fig. 3A) , soybean cell suspensions using 9 mm arginine-N source (Fig. 3B) are not inhibited by citrate. There is considerable arginase in these cells (Fig. 4) . The products of the arginase reaction are urea and ornithine. Since urea has been shown to stimulate urease synthesis (11) and since citrate does not inhibit arginine-supported growth (Fig. 3B) , it is possible to study the effects of citrate on urease production in arginine-utilizing cells free from the interference of citrate-induced nitrogen starvation and from any putative citrate effects on uptake of extracellular urea.
Effects of Citrate and Nickel on Urease Production. Cells (Fig. 4) were taken from mid-log phase and cultured for 18 hr in a medium containing no nitrogen. At zero time they were transferred to medium with arginine-N or 9 mm arginine plus 10 mM potassium citrate (pH 6). Citrate has no effect on the pattern of arginase synthesis in these cells. However, urease production appears to cease in the presence of citrate. The decrease in urease levels is much greater than expected from Effects of citrate and Ni2+ on growth of soybean suspension cultures using urea-N source. Cells were grown with 25 mM urea (0-0); 25 mm urea plus 10 mm potassium citrate (A-tA); 25 mm urea, 10 mm potassium citrate, and 10-2 mm NiSO4 (A-A). Cells were transferred from Murashige and Skoog N source (9) , cultured on the new media for 2 days and retransferred to the respective media for growth determinations. The basal growth rate with urea-N is unusually high in this experiment. B. Effect of citrate on growth of soybean suspension cultures using arginine-N. Cells growing with 9 mM arginine as nitrogen source (0-O); cells growing with 9 mm arginine plus 10 mM potassium citrate (-*). cells on both media had undergone about one division (70% of each medium was changed for fresh medium at 106 hr to avoid nitrogen starvation). I conclude that urease is broken down and not resynthesized in cells growing in citrate-containing medium while there is net urease synthesis in cells growing on citrate-free medium.
In a separate experiment when 10-2 mm nickel was added to cells growing on arginine-N plus 10 mm potassium citrate, there was no stimulation of growth. Arginase levels were little changed in these cells in the presence of Ni2+ (Fig. 5) . However, Ni2+ stimulated the urease-specific activity 7-to 10-fold over citratedepressed levels (Fig. 5) . Urease production in cells grown in the presence of added Ni2+ plus citrate (Fig. 5, *) is 10 times that in basal medium (free of added nickel and citrate; Fig. 4, 0) (Fig. 3B) . Since the cells have considerable arginase levels (Figs. 4 and 5), one may postulate the following scheme for the assimilation of arginine: urease urea -2 NH3 + bicarbonate arginase arginine > + ornithine --2 NH3 + a-ketoglutarate If the above scheme is valid, citrate is depriving arginine-using cells of half the nitrogen in the growth medium (that contained in the urea molecule). Growth with arginine-N is much slower than growth with urea-N (Fig. 3, A and B) , suggesting that urea is either not produced from arginine or that, if produced, it is unavailable to the cells. The unusually low urease levels, citrateinsensitivity, and lack of Ni2+ stimulation of arginine-grown cells are consistent with both possibilities. A study of urea levels and the effects of urease inhibitors (11) in arginine-grown cells is necessary to help resolve the pathway of arginine utilization in cultured soybean cells.
